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Abstract: In the Mediterranean basin, the silvopastoral system has always been part of the regional
economy. Silvopastoral areas contribute significantly to the development of the ecological and socio-
economic factors of territorial sustainability. However, little attention has been paid to reviewing
the importance, historical evolution, socio-economic conditions, and climate change impact of the
southern Mediterranean region of northern Morocco. This review casts light on research on the
silvopastoral systems in Morocco with a focus on the Mediterranean side. Sixty-nine peer-reviewed
publications were selected for this systematic review. The findings revealed that silvopastoral areas
play a very important role in animal feeding in Morocco. Animals are managed traditionally on these
woodlands where they graze throughout the year. The silvopastoral system has undergone several
changes over recent decades. These changes have had a direct impact on ecosystems, causing a
decline in biodiversity, forest degradation, and an increase in land use at the expense of silvopastoral
areas, mainly in the Mediterranean region of northern Morocco. Consequently, the sustainability of
the silvopastoral systems would undoubtedly be negatively affected. The review finishes with some
crucial strategies and propositions that could be encouraged to support sustainable management
actions of silvopastoral resources. In the conclusion, we outline the need to assess the realistic socio-
economic and ecological benefits of silvopastoral systems to promote their sustainable development.
Keywords: silvopastoral; Mediterranean region; sustainability; northern Morocco; grazing; forest
1. Introduction
A silvopastoral system is a productive arrangement characterized by a combination
of pastures and trees in the same area in order to increase the profitability of the system
through the diversification of products while preserving the natural environment. It is
considered a sustainable method of restoring degraded pastures [1]. The silvopastoral
system is identified by at least three components, usually pasture, trees, and livestock.
Farmers and different users are solely responsible for the sustainable functioning of the
silvopastoral system [2,3]. Between these different components, both ecological and eco-
nomic interactions are created. An ecological interaction becomes beneficial when the
silvopastoral system shows evidence of an increase in yield per unit area and sustainable
use of resources with an improvement in environmental aspects.
The exploitation of silvopastoral resources, through the use of forest vegetation, not
only provides tangible products such as wood, forage, medicinal plants, food, and feed,
but also intangible products such as biodiversity improvement [4]. The major limitations
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of silvopastoral areas are the potential competition between trees and pastures for light,
water, and nutrients, as well as the growing needs of the population for agricultural land
and natural resources.
In the Mediterranean basin, topography, climate, and vegetation types are favorable
for silvopastoral activities. The Mediterranean silvopastoral system, more than elsewhere,
could be considered a better example of extensive farming systems, which are characterized
by a strong integration of livestock, agriculture, and forestry into the family farm [5]. The
animals are managed in a traditional way on these lands where they browse woody and
herbaceous vegetation. The Spanish “dehesa”, which means pasture in castellan or “montado”
in Portuguese, is a communal domain composed of a pasture in the undergrowth located
at the level of the Iberian Peninsula [6]. This forest pasture represents one of the most
successful examples of silvopastoral systems in the Mediterranean region. The aim of this
literature review is to analyze the importance and evolution of Moroccan silvopastoral
systems with a focus on the southern Mediterranean region of northern Morocco, as well
as how to support their sustainability.
In this review, we analyze, at the national scale, the importance of silvopastoral
systems, their historical evolution, socio-economic conditions, and climate change impacts.
Then, we focus on the southern Mediterranean region of northern Morocco where we
explore the useful strategic functions of silvopastoral areas and drivers of the observed
changes. In the end, we present certain crucial development programs that could be more
encouraged to support sustainable management actions of silvopastoral resources.
2. Methods
In order to meet the goal of this study, the top scientific literature was searched, based
principally on the recent and significant research carried out in the field. This literature
review was conducted according to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines that involve several steps [7]. Because the study
also concerned the temporal evolution of silvopastoral areas, the databases were searched
for papers dating from 1980 to 2021. All papers that are not peer-reviewed were excluded.
A search was performed on 20 May 2021 using the following key terms: “Morocco” OR
“northern Morocco” OR “Mediterranean region” AND “silvopastoral” OR “silvopastoral
system” OR “silvopastoral area” OR “forest” OR “forest rangeland” OR “forest pasture”
AND “livestock” OR “Animal production”. Mendeley software and Microsoft Excel were
used as assistant tools for recording relevant data. The search terms were applied to the
title, abstract, and keywords. Regarding statistical data, they were collected from FAOSTAT
and MAPMDREF (Ministry of Agriculture, Maritime Fishing, Rural Development, Water
and Forests) databases.
The initial literature search returned a total of 834 documents after duplicates were re-
moved. However, the screening of documents based on the titles indicated that 77 documents
concern other countries than Morocco. An additional 667 documents were excluded fol-
lowing scrutiny of the abstracts as they did not meet one or more of the inclusion criteria.
Finally, 36 documents were discarded following the analysis of the full texts. Therefore,
54 documents were selected for the systematic review; these included 37 journal articles,
12 book chapters, and 5 proceedings papers. Figure 1 displays the article selection process
following the PRISMA methodology.
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Figure 1. Systematic review process.
3. Results and Discussion
3.1. Moroccan Silvopastoral System
3.1.1. Forest Importance and Evolution
Forest ecosystems are dominated by trees and made up of biologically integrated
communities of plants, animals, and microbes, as well as the soils and atmospheres with
which they interact [8].
In Morocco, the forest area is about 9 million ha, including Stipa tenacissima steppes,
representing around 30% of rangelands. The most important silvopastoral formations
are the holm oaks, the argan groves, the suberries, the juniper groves (especially the red
juniper of high mountains), the Stipa tenacissima steppes, the sagebrush steppes, and the
saharian Acacia formations. Silvopastoral areas provide 1.5 to 2 billion forage units per
year, which represent 17% of the diet requirements of livestock, and can reach up to 80% of
forest areas of northern Morocco and High Atlas (central Morocco). Eight million heads,
i.e., approximately 32% of the national herd, browse throughout the year in silvopastoral
areas [9]. The socio-economic dimension is also quite useful, with rural populations highly
dependent on the forest and its derived products (around 7 million people) [10]. Like
all forest ecosystems, Moroccan forests have considerable ecological and socio-economic
advantages. They indeed perform several ecological functions such as regulation of the
water regime, protecting soil erosion, combatting desertification, biodiversity conservation,
etc. This vital ecological function is coupled with significant socio-economic value. In
addition to its contribution to the creation of wealth, jobs, and income, the forest is an
essential component of tourism and recreational activities.
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In the past, grazing animals in the forest were undertaken according to a certain
organization form, which led to the use of silvopastoral areas in relatively well-defined
seasons: Transhumance periods, delimbing during cold periods, browsing in spring, and
imposing temporary protections to regenerate and improve the browsed pasture. However,
destructive processes prevent the best function of forest ecosystems. These destructive
processes are due to the combination of several factors such as forest ecosystem instability,
overgrazing, the decrease in transhumance, and forest overuse.
In fact, the Moroccan forest is experiencing increasing pressure in terms of human,
pastoral, and land use that could be explained by an absence of organizational rules,
which negatively impacts the conservation and regeneration of silvopastoral lands. Indeed,
population growth and the decrease in grazing areas in favor of agriculture activities have
led to a lack of respect of the traditional and common pastoral practices [11].
For decades, mountainous areas were the focus of development strategies, where
natural and cultural heritage were the main concern of environmental and socio-economic
orientations [12]. The high anthropic pressure, the overexploitation of silvopastoral re-
sources as well as drought conditions have incited populations to set up traditional forms
of forest and pastoral area control [13]. These regimes are called “Agdal”, a term that
defines a collective silvopastoral territory subject to temporary protections. It corresponds
to the temporary protection scheme of a resource space by traditional institutions operating
at different territorial scales (village, tribe) [14]. In the High Atlas, this practice allows
the preservation of natural resources. Nowadays, this traditional community manage-
ment system of silvopastoral resources is finding new success with the generalization
of the sustainable development concept (enhancement of local knowledge, participative
management of natural resources, etc.) [13].
3.1.2. Socio-Economic Conditions
The grazing concept is linked to land for which the boundaries are precisely delimited,
called a territory; pastoralism is made up of human relationships between users (historically
by nomadic societies). These human relationships always have a traditional setting for
a territory corresponding to a given human group [15]. This concept of territory is so
important that it reappears immediately with force when conflict arises over cultivated
areas or rangelands and manages relations between the group belonging to that territory
and foreigners herding their animals at a certain period of the year. In fact, seasonal
transhumance, most often limited to herding societies driven by local climate conditions
and the presence of grazing lands, is directly concerned with the limits of the territory. We
generally speak of nomadic or almost exclusive nomads, whose long trajectories follow an
annual cycle influenced by the great cold of winter and drought conditions of pre-Saharan
summer [16].
Moroccan societies are characterized by the presence of traditional management forms
“jemaâ” whose functioning is provided by representatives of the ethnic groups’ “naib”.
In terms of silvopastoral resource management, these “naibs” are more or less functional
depending on the area [17]. Pastoral associations and cooperatives created in recent decades
are also contributing to the participatory management of pastoral areas, including forest
resting and protection.
Generally, the socio-economic characteristics and living conditions of rural populations
in Morocco are relatively harsh and have become unfavorable with the recent years of
drought. Indeed, the increasing population growth and forest degradation create a great
imbalance between population and resources in a bioclimatic context, which does not allow
an optimal increasing of forest productivity [12].
3.1.3. Animal Production and Silvopastoral System
The animal production value chains play a key role in the economic, social, and
nutritional sectors. They provide 38% of the turnover of the agricultural sector, 60% of jobs
in agriculture, and contribute to the guarantee of food security of the country. National
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animal production covers approximately 87% of the milk demand, 98% of red meats, and
100% of white meats [18]. Generally, silvopastoral systems in Morocco are complex and use
complementarity feeding resources from various origins of the silvopastoral environment
(forest and shrubland).
In Morocco, there are two distinguished animal production systems related to the
forest rangeland: Silvopastoral and agro-silvopastoral systems. The silvopastoral system
consists of forest grazing by ruminants, thus exploiting spontaneous resources growing
under trees, fallen fruits and nuts, and leaves of trees, to produce meat and/or milk.
It is a combination of trees, pastures, and herbivore livestock in the same place with
reciprocal benefits that contribute to the farmer’s benefits and, at the same time, protecting
the ecosystem [19–21]. The silvopastoral system is specific to mountain regions covered
with forests. Agro-silvopastoral systems are found in the hills and mountains. However,
agriculture is added to the silvopastoral system combination (trees, pastures, and livestock).
In this system, agricultural, silvopastoral, and pastoral resources are complementarily and
rationally exploited according to the territories’ ecological and geographical differences.
Contrary to the agro-silvopastoral system, the agricultural component remains limited
or almost non-existent in herd feeding in the silvopastoral system [22]. Both systems
ensure meat and/or milk production with low charges and inputs because the forest
provides grass and tree fodder species, as well as shade that reduces heat stress [21]. In
addition, the grazing of forests by ruminants could contribute to silvicultural interventions
such as cleaning the undergrowth, better circulation, and structuring of the space. These
systems, especially in arid areas, play essential economic, social, and environmental roles,
by reducing poverty and ensuring food security and sustainable livelihoods, and by
improving the environmental sustainability and the resilience of territories or landscapes.
The farming practiced in agro-silvopastoral and silvopastoral systems is extensive,
composed mainly of small ruminants of rustic local breeds well adapted to their environ-
ment, owned by a majority of small breeders, and poorly organized and supervised [23].
Ten million ruminant heads (40% of the national livestock), composed of 5.2 million sheep
(31% of the national sheep livestock), 4 million goats (70% of the national goats’ livestock),
and 0.8 million cattle (32% of the national cattle livestock), are grazing forest rangelands
in silvopastoral systems [24]. In this system, the most important livestock farming prac-
ticed in the forest is represented by a herd of small ruminants of rustic local breeds led
in an extensive mode of farming. The silvopastoral systems are found in mountainous
areas, especially in the Middle Atlas, the northern region (Rif), and the Southwest (Argan
agroves) [23]. In the Middle atlas rangeland, holm oak is most abundant, followed by cedar
formations, and the main livestock farming is the extensive type based on Timahdit sheep
that represent 88% of the ruminants [22,23]. The argan tree (Argania spinosa) formations
located in southwestern Morocco are spread over 870,000 ha, where goats are the dominant
herd because of their grazing adaptation capacity, with 1 million heads. The number of
sheep browsing in argan formations is about 0.5 million heads. The foliage of the argan
tree contributes 30% of the pastoral production that is estimated at 200 UF/Ha in a normal
year (between 90 and 240 UF) corresponding to 174 million UF [25]. In northern Morocco,
forest areas largely contribute to the regular feeding of mainly goat herds throughout the
year [26].
3.1.4. Changes in Social Patterns and Production Systems
Facing accelerated socio-economic and demographic changes as well as the transfor-
mation of traditional institutions and pastoral territorial dynamics, several constraints are
hindering the improvement of the Moroccan silvopastoral system.
A. Dependance of livestock system on pasture
In addition to the various practices related to forest exploitation, farming system
efficiency remains very uncertain due to the high cost of complementary feeds and the drop
in market selling prices of livestock during drought. Thus, we observe overexploitation of
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silvopastoral resources upstream of the chain value and low productivity of the extensive
livestock farming at the market level [27,28].
B. Territorial dynamics and transformations
Overgrazing is exacerbated by changes in rangelands management practices. This has
indeed undergone deep mutations linked, in particular, to the practice of “Agdal” ceasing,
which is based on the grazing defense practice in the high peaks of mountains before the
summer transhumance. The disruption of these transhumance movements by lowland
cultivation has reduced rangelands areas, and as a result, we are assisting overgrazing and
natural resource depletion, such as deforestation [29].
In silvopastoral areas, grazing animals are increasingly challenged by their mobility
limitation due to agricultural expansion [30]. This turns into overgrazing, marked mainly
by a localized usage of pastures (herds being concentrated in the same place for a long
time). This situation leads to the emergence of degraded areas and unpalatable species [31].
C. Changes in production systems
Several factors are involved in the transformation of production systems [18]:
• Production intensification tendency: High production of milk and meat requires a good
quality of varied breeds and an important demand for inputs (feed supplementation);
• Drought: The effects of drought play a crucial role in changing farming practices
that usually depend on natural resources (rangelands), such as a trend towards the
establishment of fodder reserves (more forage crops), purchasing more animal feed,
and a reduction in the number of livestock;
• Herd mobility regression: For several decades, herd mobility, which ensured the
sustainability of pastoral resources, has strongly regressed due to a decrease in the herd
size of small and medium breeders who were following water points and croplands
affected by the recurrent droughts of the past three decades, the clearing of the best
rangelands, and the breakdown of the social structures and traditional institutions
responsible for the management of pastoral resources;
• Poor availability of water (watering): Rangelands are characterized by an insufficient
network of water for livestock watering. This situation is reflected by the reduction in
herd performance following movements in search for water and by the poor use of
pastoral and silvopastoral areas;
• Weak supervision of breeders: Pastoral and silvopastoral regions are characterized
by insufficient supervision of breeders, resulting in poor livestock performance. In
addition to that, the lack of strategies that take climate risk into account contributes to
the vulnerability of livestock systems.
3.1.5. Climate Change Impacts
Silvopastoral areas are very sensitive to climate change. This has been shown by past
observations, experimental studies, and simulation models based on current physiological
and ecological understanding [32–34]. According to many authors, the various changes
in the normal course of the climate would therefore be the cause of various damages in
ecosystems, in particular southern Mediterranean forest ecosystems. In fact, climate change
has led to a warming of the atmosphere, changes in rainfall patterns, and extreme events
such as droughts, floods, and forest fires becoming more frequent. Since the late 1970s,
the occurrence of drought years has increased in Morocco, presenting a major constraint
for the country’s future economic and agricultural developments. Morocco is currently
experiencing the longest dry period in its modern history, which is characterized by a
decrease in precipitation and a clear trend of rising temperatures. This fact is also confirmed
by many authors who predict a decrease in surface runoff and precipitation and an increase
in temperatures [35–37].
Morocco’s future climate forecasts predict an increasing trend in the annual average
temperature, ranging from 2 to 3 ◦C towards the end of this century; a tendency to re-
duce the average volume of precipitation; an increase in the frequency and intensity of
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thunderstorms in the north and west of the Atlas Mountains; an increase in the frequency
and intensity of droughts in the south and east of the country; a disruption of seasonal
precipitation (winter rain concentrated over a short period); and a reduction in the duration
of snowfall [38,39]. These impacts will definitely be environmental, with a modification of
the distribution areas of the species and therefore of the landscapes, stronger erosion of the
soils, increased fire risks, and high vulnerability to insects and diseases. However, they
could also be economic and social, characterized by decreased productivity and impover-
ishment of populations living on natural resources. Similarly, changes in environmental
variables such as temperature, precipitation, and relative humidity can influence the emer-
gence of plant diseases and pests. Outbreaks of plant diseases can cause huge losses in
crop yields, and also threaten to wipe out some plant species.
The dysfunction of many ecosystems, such as cork groves, cedar forests, and juniper
groves, and the extinction of certain vegetation that represent a favorable environment
for the installation and development of a rich and diverse flora and fauna have led to the
depletion of some species and the disappearance of others. In fact, the Moroccan Rif area
lost half of its vegetation cover between 1966 and 1986. Likewise, the vegetation cover of the
region of the eastern part experienced a decline of around 23% between 1975 and 2006. At
the national level, the cork forest lost 13% of its area in 60 years (1938–2000) [40]. In addition,
in the southern area of Morocco, the Argan grove, which extends over 830,000 hectares,
lost a third of its surface. Its average density decreased from 100 to 30 trees per hectare [41].
Despite their diversity, forest ecosystems in Morocco are highly impacted, due to
increased pressure of population growth, the overexploitation of silvopastoral resources,
and drought conditions. Indeed, the flora and vegetation of Morocco are subject to very
severe ecological conditions and anthropogenic pressure. The anarchic degradation of
natural environments has reached alarming levels. In the short and medium term, threats
to species and environments are very concerning and are aggravated by the effects of global
climate change [40]. According to another study, 45% of the current Moroccan forest area
would be lost by 2050, despite reforestation efforts, and thus 22% of the flora and several
species of birds and mammals could disappear [42].
3.1.6. Silvopastoral Management Programs
In Morocco, forest rangelands represent an area of intersection between the forest as a
private domain of the government and the usage rights that are devoted to the neighboring
populations (users). This area of intersection will either extend or shrink according to a
system that is very influenced by climate variations. Indeed, climatic conditions directly
affect the feeding behavior of the livestock through an extension of the period of the stay
and an increase in the pastoral biomass load in the forest. The recurrence of droughts will
cause abortion of the vegetative cycle of pastoral species, which will not reach maturity,
leading to a reduction in the soil seed stock and a loss of pastoral biodiversity. Thus, we
are observing a proliferation of unpalatable species to the detriment of palatable species
and annuals compared to perennials, which usually explain the extension of the grazing
period [31].
Considering the droughts that affect more than 80% of the national territory, many sil-
vopastoral programs were employed [10]. The National Forest Program was the first sector
planning strategy. It therefore represented the strategic framework for sustainable de-
velopment of the forest sector, which set the forest policy structure to be achieved by
2020. Several “sub-sector” master plans have been drawn up and are currently serving as
strategic frameworks for planning activities by the forest authorities. With the creation of
the High Commissioner, Office for Water, Forests, and Desert Control (HCEFLCD) in 2004,
a new intervention framework was developed, the Ten-Year Program, to implement these
instruments through a planning approach focused on results.
In addition to the national program, several partners and organizations are interested
in this sector, namely:
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• The German Society for International Cooperation (GIZ) as part of the regional silva-
Mediterranea project (adapting the framework for forestry policy to meet the needs
of climate change in the Middle East and North Africa (MENA) region) from 2010
to 2014.
• The German bilateral cooperation (BMELV) was also participating (until the end of
2017) in forest conservation and the definition of management methods.
• The French Development Agency (AFD) is involved in environmental protection and
adaptation to climate change programs.
• The Food and Agriculture Organization (FAO) intervenes within the framework of a
project aiming to reduce poverty and fight desertification.
3.2. Mediterranean Silvopastoral System of Northern Morocco
In northern Morocco (Figure 2), the silvopastoral areas (Figure 3), a part of the forest
land, are managed and protected by the MAPMDREF. Forests cover an area of 544,291 ha
including 475,332 ha and 68,959 ha of natural and artificial formations, respectively. The
afforestation rate is about 26%, which classifies the region among the most forested areas
of the country [43]. Thanks to its privileged geographical position, northern Morocco has a
large part of the terrestrial biodiversity of the Mediterranean basin. It is considered among
the 34 zones in the world characterized by both high biodiversity and alarming menace
levels [44]. This silvopastoral system is marked by its history, nature, and constraints. It
is a multipurpose area characterized by a great diversity of resources, and it plays useful
strategic functions at ecological, socio-economic, and pastoral levels.
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3.2.1. Silvopastoral System Functions
A. Ecological and environmental functions
Forest areas of northern Morocco guarantee an important wealth of renewable natural
resources. All of the Moroccan natural ecosystem types are represented there, except those
of the arid and Saharan areas. It shapes the landscape with rich and varied flora and fauna,
and it includes a large number of endemic, rare, or very remarkable species.
Through its special geological features and its privileged geographical location be-
tween the Atlantic and the Mediterranean seas, the formation of a mountain barrier in the
north of Morocco, the Rif mountains, despite their austere natural environment, constitutes
a very rich forest massif in term of biodiversity. They are also attractive and appreciated
nationally and internationally [45].
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Figure 3. Example of a Mediterranean silvopastoral area in northern Morocco (photo taken in the
field by Chebli in 2021).
This silvopastoral area remains an area renowned for its great biodiversity, which has
favored the emergence of many forest species and the constitution of multiple ecosystems.
The natural vegetation of the massif is mainly conditioned by the topographical nature
of the land. There are two sectors: The glacis, the lowest of hic is 300 m, and the
mountains from 1050 m up t 2150 m. At an altitudinal amplitude of 1400 m, we meet
varied veget tion, including low shrub formations resulting from the degradation of trees.
Northern Morocco testifies to g eat ecological dive sity, represented by an expan-
sive cork grove and dominated by conifer deciduous trees. There re two main
for st areas in the region: Talassemtane (central-western Rif) and B hachem ( ntersec-
ti n of the provinces of Tetouan, Larach , and Chefchaouen). In the Talasse tane f rest
area, Qu zel et al. [46] de cribed the endem c landscap of the fir fo es (Abies pinsapo
subsp. Maroccan , Cedrus atlántica, Hacer granatensis, Pinus nigra subsp. Mauritanica,
Pinus pinaster sub p. Maghrebiana, a d Que cus rotundifolia) as real space f th d versifica-
tion of forest species in th Maghreb. For th forest area of Bouhachem (Alnus glutinosa,
C drus atla tica, Pinus pinaster subsp. Maghrebiana, Pru us lusitanicum, Quercus yrenaic ,
Q. canariensis, Q. rotundifolia, peat bog with Sphagnum auriculatum, etc.), it represe ts an
exceptional bi logical val e and an irreplaceable biogeogr phical interest [47]. The shrub
strata are dominated mainly by the following plant species: Arbustus unedo, Cistus crispus,
Cistus monspeliensis, Erica arborea, Lavendula stoechas, and Pistacia lentiscus [26].
The cork oak tree is an endemic specie of the Mediterranean basin. Four countries
(Portugal, Spain, Algeria, and Morocco) represent 91% of the world’s cork oak trees reserve.
This forest species has been present in the western Mediterranean for over 60 million years.
In Morocco, the range of the cork forest has been greatly reduced as a result of strong
climatic variations, and above all, due to human activities over long periods [30,48].
Forest has a strong impact on the quality of our environment and could be considered
a full actor in the management of the environment and natural resources.
The forest contributes to soil maintenance thanks to the root system and the aerial
cover (canopy) of plants. The natural erosion of fallow land is accentuated by the torrential
precipitation of the Mediterranean climate. One of the most effective protective functions
of forests is the reduction of soil water erosion. The forest is considered an area of soil
restoration if it is not overexploited. Soil erosion on sloping land is generally of two types,
surface erosion and land movement. Forests play a favorable role in both cases.
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Soil losses in the form of sediment loads in runoff and their dynamics during rainy
periods also depend on the condition of the soil surface. Under forest cover, compared to
other types of plant cover, the limitation of erosion is linked to the delay in the onset of
runoff and the slowness of the establishment of the strong runoff regime [49]. Incorrect
use of these resources leads to a reduction in plant cover, which results in an accentuation
of the phenomenon of erosion. In northern Morocco, the degradation of the plant cover
results in a loss of land, annually exceeding 3000 t/km2. This situation is explained by
anthropogenic pressure, over the years, exerted on different levels of forest vegetation, in
particular, that of the cork oak forest, which covers fertile siliceous soils [50].
The erosion problem in the Rif mountains has been known for more than 50 years,
due to population growth, overgrazing, and clearing, which leads to the degradation of
plant cover and soil and subsequently to increased runoff, gullying, the undermining of the
banks of the wadis, landslides of the surrounding hills, and accelerated sedimentation in
the dams. Erosion phenomena are varied and significant: Sheet erosion (1 to 5 t/ha/year),
rill erosion (10 to 100 t/ha/year), gullying (100 to 300 t/ha /year), and movement mass
and agricultural erosion (1 to 60 t/ha/year) [51].
Forests’ functions and their influence on microclimatic conditions, regulation of water
flows, downstream water availability, and erosion preservation are generally well estab-
lished at both regional and local scales of landscapes. Populations living in areas with high
or partial forest cover are convinced that forests influence local rainfall patterns [52].
Through carbon dioxide sequestration in wood and soil, forests play a direct role
in the cycle of the main greenhouse gases. By photosynthesis, plants fix this gas in ter-
restrial biomass, mainly the forest. This recycling of carbon in the forest is extremely
important, since each year, 120 Gt of carbon is exchanged between the earth’s atmosphere
and vegetation, compared to the 6 Gt of carbon emitted by the combustion of fossil sources.
This exchange is never completely balanced, and forests therefore play a positive role in
regulating the greenhouse effect [53]. In Morocco in 2010, the carbon stock of living forest
biomass was estimated at 256 million tonnes, equivalent to 89 t/ha [54].
Forest areas, in addition to these functions and vital sources from the environmental
perspective, such as soil protection and biodiversity, constitute a shelter for fauna and offer
favorable microclimates for the development of herbaceous and abusive strata [55].
B. Socio-economic function
Moroccan forests contribute 2% to the agricultural Gross Domestic Product (GDP) and
0.4% to the national GDP, but its real contribution is estimated at 10% of the agricultural
GDP, if we consider the income drawn directly by the local residents under the form
of fuelwood and other miscellaneous products [56]. From an economic point of view,
the forestry sector provides 30% coverage of the country’s needs in timber and industry
(600,000 m3 of timber and industrial timber and 129,500 m3 of cork per year). In addition,
forests contribute 30% to the overall energy balance at the national level [57].
In northern Morocco, silvopastoral resources play a considerable socio-economic
function. In addition to fodder supply, these resources allow the population to draw most
of its fuel. They also represent a significant contribution to household income through the
exploitation of non-wood forest products, aromatic plants and medicinal products used
in the pharmaceutical and cosmetic industries, honey, lichen, mushrooms, and hunting
and fishing products [58]. In fact, forest products for domestic use, such as fuelwood and
firewood, rangelands, and service wood mobilize considerable volumes of products that
concern essentially all the forest areas of the Rif massifs. The population distinguishes the
small forest used as a land reserve for practicing agriculture from the large forest used more
for rangelands and wood harvesting. Overall, it is the matorral and scrubland formations
made up of so-called secondary species that are more accessible, which mostly meet the
domestic needs of the rural populations [50].
The social function of silvopastoral areas is expressed through the jobs, income, and
uses of local residents recognized by forestry legislation, recreational activities, and leisure.
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To fully understand the socio-economic importance of the Rif forest and according to
the available data, we took the forest area of the western Rif as an example, one of the most
important areas in the study region. This forest area offers more than 200,000 working days,
guaranteeing employment throughout the year for an average workforce of 800 workers.
The production is composed of timber (310 m3/year), industrial and service timber
(9340 m3/year), fuelwood and firewood (19,800 m3/year), cork (8150 steers/year), and
heather strains (860 q/year). These productions provide revenue for rural communities that
amounts on average to almost 568,000 euros annually. In addition to forest products, the
forest offers significant landscaping and floristic diversity for developing and promoting
tourism and hunting [50].
C. Pastoral function
In northern Morocco, shrub and tree species constitute the main food resources of
grazing goats. In these mountainous pastures, goats show great plasticity. Their numbers
are greater in the provinces of Tetouan (54%) and Chefchaouen (45%) compared to the rest
of the animals. The profitability of goat farming, the available silvopastoral resources, and
the ingestion of many woody species explain this importance [59]. The topography and
ligneous vegetation limit the grazing of sheep and cattle in forest rangelands. Sheep and
cattle farms are generally located in low-altitude areas, more particularly in Tangier and
Loukkos, where a very large amount of agricultural land can be found. These ruminants
are mostly reared in the agropastoral system inside medium and large farms with more
fodder resources from agriculture away from forest rangeland, where agricultural lands
are uncommon [30]. The number of goats in northern Morocco fluctuates over the years
(Figure 4) depending on drought periods and herder motivation [60]. There are about
627,000 heads, mainly localized in the silvopastoral and mountainous areas [61].
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During the dry season and low forage availability, herders move their flocks consider-
able distances to other forest pastures to ensure regular feeding and thus limit the costs
that arise due to feed supplementation. Meat goat production, compared to dairy goats, is
still largely dominant in northern Morocco, with silvopastoral resources as the only feed
source [31]. In general, farmers prefer that goats spend more time in the forest in order to
avoid feed supplementation [30].
Silvopastoral areas ensure an appreciable and free forage production for grazing
animals. Regarding the pastoral importance of these areas, several studies have been
Sustainability 2021, 13, 10744 12 of 17
carried out within the framework of the regional research program of the National Insti-
tute of Agricultural Research (INRA), in order to assess the forage availability of forest
rangeland in northern Morocco (Figure 5). Forage availability varied between 373 and
2300 kg DM/ha depending on the studied forest rangelands. In western Rif (Chefchaouen),
the forage availability of forest rangeland covered by oak cork varied seasonally from 1018
to 2590 kg DM/ha [59].
Grazing is practiced from mid-winter until autumn. Indeed, during this period of the
year, the rangelands are in the phase of reconstituting their vegetal cover with a maximum
forage availability recorded during spring [59]. Goats spend most of the day in the forest
rangeland. During winter, a period of heavy rains, the grazing intensity decreases. Goats
graze fallow land around the farm because of difficult access to the pastures [26].
Goat farming plays a very important economic role for farmers in the southern
Mediterranean forest rangeland of northern Morocco. The economic importance of goat
farming is clearly reflected in its contribution to household income generation. It varies
from 68% among meat producers to 100% among milk producers without agricultural land.
This proportion is about 78% in mixed farms with agricultural land and dairy farms [62].
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While they are very diverse, silvopastoral areas are characterized by a production
level that does not reflect their enormous pastoral potential. This situation is explained by
alarming degradation due to the combination of several degradation drivers [30].
3.2.2. Silvopastoral Area Changes and Its Drivers
During the last 30 years, forest and silvopastoral areas of northern Morocco have
undergone profound changes and transitions in their land use–land cover (LULC). The
most significant changes indicate a clear decline in vegetation cover of around 25% [30].
This recent study revealed that most of the observed transitions concerned the forest and
silvopastoral areas (Figure 6). These areas have gradually been converted into mator-
rals (158,690 ha), cultivated land (33,270 ha), bare/built-up land (62,540 ha), and water
reservoirs (4535 ha). Only 65,100 ha of matorrals and 1000 ha of bare/built-up land have
been rehabilitated into forest and silvopastoral areas (reforestation and natural regenera-
tion). Agricultural expansion at the expense of the silvopastoral areas has been confirmed
by several studies [30,37,64]. Shifting crops (cannabis cultivation and cereal cultivation),
which often require new fertile land, are designated as the main drivers of this degra-
dation [30,45,65]. Cannabis cultivation causes an annual loss of 1000 ha of forest and
silvopastoral areas [66]. The construction of seven large dams between 1980 and 2003
favored the development of intensive agriculture, as the irrigated areas increased by 210%
during the last three decades [30]. In addition to the agricultural expansion, forest fires
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have greatly contributed to the degradation of silvopastoral areas. It was reported that
65% of nationwide forest fires are concentrated in northern Morocco, which represents a
loss of 1185 ha per year [67]. On the other hand, the estimated harvest of wood for fuel
extraction exceeds the potential of forest production by 2.5 times [50]. Forest delimbing
is a very widespread activity in northern Morocco. This uncontrolled practice engenders
damages in the silvopastoral area [60]. Forest degradation intensifies soil erosion, inducing
intense regression of woodlands and restraining regeneration of vegetation [68,69]. In
addition, population growth causes an increased demand for land and resources, which
explains the huge pressure on available natural resources, mainly forest and silvopastoral
areas [30,70,71]. In general, the alarming degradation of forest and silvopastoral areas
observed is due to the combination of both climatic and anthropic drivers [30].
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3.3. Crucial Sustainable Development Actions 
In order to support sustainable management actions of silvopastoral resources, there 
are several strategies and propositions that could be more encouraged: 
• Generate alternative sources of income for local populations: Developing other eco-
nomic activities such as ecotourism to reduce pressure on silvopastoral areas; 
[ ].
3.3. rucial Sustainable evelop ent ctions
I r er t s rt s stai a le a a e e t acti s f sil ast ral res rces, t ere
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il st r l reas;
• Use of available renewable energy technologies, i.e., solar and wind power, to reduce
deforestation;
• Silvopastoral rehabilitation of degraded areas: Planting fodder shrubs will contribute
to increase short-term and medium-term fodder production and to reduce the impact
on rangelands;
• Management of forest defenses (protection): Sustainable management of forests cannot
be guaranteed unless defending and regenerating options are considered over a certain
period depending on the forest species. The purpose is to save the forest without
neglecting the interests of users. The efforts to be undertaken aim to reconcile the short-
and medium-term productive and economic benefits of extensive livestock farming
systems and the long-term sustainable management of silvopastoral resources;
• The participatory approach can also be applied through the involvement of user
breeders in the self-development process and the creation of basic socio-economic
infrastructures likely to enhance grazing and forest exploitation practices;
• A tax for forest grazing must be implemented. It should be proportional to the herd
size and farmer’s financial situation. The collected taxes should be reinvested in
silvopastoral rehabilitation.
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4. Conclusions
The silvopastoral systems in Morocco, which combine trees, herbaceous resources, and
livestock on the same unit of land, are a socio-economically and ecologically productive
alternative to traditional management systems. Successful silvopastoral systems require
effective limitation of agricultural expansion and deforestation phenomena, which could
preserve the beauty and diversity of the landscape.
Nowadays, most of these systems are facing great difficulties as the world’s forests
deteriorate. This situation is explained by an alarming degradation due to the combination
of both climatic and anthropic drivers. The present condition of Moroccan silvopastoral
areas, especially in the southern Mediterranean region of northern Morocco, is complex. In
order to ensure the sustainability of these resources, decision-makers must further develop
appropriate policies and strategies that boost management and restoration actions for
different users engaged in sustainable silvopastoral systems.
Future studies should assess the actual damage and degradation of the Moroccan
silvopastoral system, as an integral part of the Mediterranean region, due to anthropogenic
use under the impact of climate change. Likewise, Mediterranean countries need to
combine their efforts in order to reduce this damage and assess the realistic socio-economic
and ecological benefits of silvopastoral systems to promote their sustainable development
and to ensure sound investments.
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